Three cases of anomalous pulmonary venous return to the inferior vena cava are presented and 18 previously reported cases are also analyzed. The clinical, radiographic, circulatory and pulmonary function, and anatomic features are carefully detailed. In particular, associated vascular and bronchial anomalies in the lungs were found by preparation of vinylite casts of the pulmonary vessels and bronchial casts; they are of great significance in planning and executing surgical therapy.
INTEREST in major anomalies of pulmonary venous drainage has mounted with the development of methods for accurate clinical diagnosis that have brought the possibilities of corrective surgery into serious consideration. There is a need, therefore, for a careful anatomic study. It is important, also, to determine the incidence and nature of any associated anomalies that might affect therapy.
Anomalous drainage of the pulmonary veins, meaning thereby functional deviation of blood into the systemic venous system, whether by way of a septal defect or otherwise, must be distinguished from anomalous connection, which may imply drainage directly into the right atrium, or some tributary," 2 but may also indicate drainage into the left atrium, by way of an unusual venous channel or postatrial chamber.3 The basic facts regarding anomalous venous connections of the lungs were collected and excellently analyzed by Brody in 1942. 4 In each of 3 instances of total drainage of the right lung into the inferior vena cava recently observed by the writers, a part of the arterial supply stemmed from the aorta, and there were also associated bronchial anomalies. Not only were there deviations in the pattern of arrangement of the bronchi, but actual abnormalities in structure of a diverticular nature were encountered.
Many of these observations have been reported in isolated instances of this venous anomaly, but that they are commonly associated is suggested by a detailed study. The earlier reports dealt simply with anatomic material.'-7 Only since 1949 have more recently developed methods been applied that permit an accurate clinical diagnosis of this condition.'2' In the present report, data from our 3 patients (see Case Reports and figs. will be compared with previously published observations (see table 1 ). Some published accounts are, unfortunately, rather fragmentary. Certain cases have been cited repeatedly, sometimes with the result that various items of information have had to be pieced together from more than one source.8 9 7 20 HALASZ, HALLORAN, AND LIEBOWE Three had severe associated congenital cardiac lesions, in 1 of whom, with transposition of the great vessels, the drainage of the pulmonary veins into the right heart was actually desirable functionally. Only in a few patients were there symptoms and signs that might be ascribed to the venous or associated bronchial anomalies. Five of the patients had shortness of breath, 1 only upon severe exertion. Our 3 patients had repeated respiratory infections and another, reported by Park,7 died of pneumonia early in life.
The most constant finding upon physical examination was evidence that the heart had been shifted to the right. There was, in some instances, electrocardiographic evidence of right ventricular dominance. There was also, frequently, diminution of resonance in the right hemithorax. In the absence of cardiac anomalies, cyanosis was not present except episodically in the first few days of life in some patients. Pneumonic episodes were attended with appropriate physical signs.
Radiographic Findings. In the plain films the most striking appearance, which should at once suggest the diagnosis, was that of a dagger or scimitar-shaped vascular density more or less parallel to the right cardiac border, but tending to deviate laterally into the lung field near its tapering upper end (figs. 1, 11, 20) . The right hemithorax frequently appeared small with narrowed intercostal spaces and a deviation of the heart to the right. The right cardiac border and, in particular, the right atrium, in appropriate oblique views and at fluoroscopy, appeared prominently enlarged, as did the main trunk and left branch of the pulmonary artery ( fig. 11 ). The vascular shadows can be made more prominent by section radiography.
Angiography proved to be useful in demonstrating the opacification of the paracardiac vascular shadow simultaneously with the pulmonary veins of the contralateral side (figs. 3, 14, 23) . The enlargement of the right cardiac chambers was strikingly demonstrated, as were the small right and expanded main and left pulmonary arteries (figs. 3, 13). Evidence of recirculation was the long-maintained opacification of the right cardiac chamber to a time when the pulmonary veins of the left side, and even the aorta, had become opacified (figs. 4, 15, 22, 23) . In late films of the angiographic series in 1 of our patients, large arterial vessels were demonstrated to enter the lung from below ( fig. 15 ). The angiographic series have been analyzed to give the temporal sequence of hemodynamic events in each patient (Case Reports).
Bronchography is useful to demonstrate anomalies in distribution and structure of the bronchi. One or more irregular outpouchings were demonstrated in 5 patients, including all 3 of those in the present series (figs. 2, 12, 21). In 2 of our patients the right and left main bronchi were symmetrical, and it was thought that the upper lobe, or both upper and middle lobes, were hypoplastic or absent. However, upon review in the light of the bronchovascular casts prepared in each instance, it was apparent that there was, in fact, a mirror image of the left lung present on the right side (figs. 2, 12) . In one other instance, the condition was diagnosed as "hypogenesis." '"7 In case 3 of the present series, there was a notably hypoplastic eparterial right upper lobe, compensated in part by accessory bronchi from the medial segment of the large middle lobe (figs. 21 and 25).
Functional Studies. Although cardiac catheterization is not necessary to establish the diagnosis, it is of interest in providing confirmatory evidence of the presence of fully saturated blood within the anomalous vein, or at least of an unusually high oxygen saturation of the blood in the right cardiac chambers.
Some estimate of the magnitude of the recirculation through the right side can be obtained by various methods. If the entire right lung drains into the right side of the heart, and if there are no complicating anomalies on the arterial side, such as accessory pulmonary arteries from the aorta, bronchospirometry will provide information on the relative effective blood flow through the 2 lungs, on the assumption that this is directly proportional to the oxygen uptake of the respective sides. The actual volume of the shunt can be calculated by applying the Fick principle using the oxygen consumption of the normal left lung in the numerator and the difference in oxygen contents between the mixed venous blood in the pulmonary artery and the systemic arterial blood in the denominator. The volume of recirculated blood can then be obtained by subtracting this figure from the right ventricular output, which is obtained by using the total oxygen consumption. Bronchospirometry was performed only in the patient described by Cooke and co-workers.'5 The anomalous right lung in this case accounted for 48.8 per cent of the total oxygen consumption, but it must be noted that there was evidence that only the right lower lobe drained into the right atrium and there was, in addition, at least 1 accessory pulmonary artery from the aorta. In this instance, an attempt was made to estimate the volume of the recirculation to the right lower lobe, but the Fick principle was not correctly applied.
In the absence of bronchospirometric data, a range of values for the relative volume of the recirculation can be obtained by applying a mixing formula, for which the following data are necessary, stated in volumes per cent or per cent oxygen saturation:
1. S = the oxygen content of mixed systemic venous blood (before admixture has occurred in the atrium with the blood brought in by the anomalous vein).
2. T = the oxygen content of blood in the anomalous vein.
3. M = the oxygen saturation of blood in the pulmonary artery (presumably after a thorough mixture of S and T has occurred). Now let x = the volume of blood arriving from the anomalous vein for every ml. of mixed systemic venous blood. Then, S + xT = M(x + 1). Or x = T -M Since S cannot be obtained unless the relative inflow from the superior and systemic component of the inferior vena cava are known, a very crude approximation can be obtained by assuming the inflow to be equal from these 2 vessels, and averaging the oxygen contents of the superior and inferior vena cavas (from a point distal to the entry of the anomalous vessel). A less spurious way is to calculate the possible range of values by using as S, first, superior vena caval oxygen content and then, separately, the inferior vena caval saturation in the formulas given above. On this basis, the patient reported by Mankin and Burchell17 (using data supplied in their fig. 2 22 The magnitude of the left-to-right shunt resulting from the accessory pulmonary arterial supply from the aorta has not been measured in these patients, but this must constitute a further increase in the work of the right heart. From observations on experimentally induced collateral circulation to the lung, it appears that even considerable transpulmonary shunts from the aorta through the lung do not significantly affect the thickness and capacity of the left cardiac chambers. 23 
ANATOMIC FEATURES
Course of the Anomalous Vein. From its termination in the inferior vena cava at the medial and inferior angle of the lobe, the anomalous vein extends upwards and laterally. It may receive its tributaries as small twigs radially arranged at various levels in the manner of a fir tree, and it may not itself branch so as to permit the delimitation of lobes (figs. 6, 8, 16, 17) . On the other hand, the vessel may branch near its origin, as in case 3, so that the usual number of lobes can be delimited by penetrating fissures (figs. 26, 27) .
Arrangement of the Bronchi. All 3 of the specimens studied display major deviations from the norm in the arrangement of the bronchi. In 2 instances, the pattern is close to that of a mirror image of a left lung (figs. 5, 8, 17) . This is suggested even in the bronchogram by the long course and symmetry of the first divisions of the trachea before the upper lobe bronchi are derived. In the casts of cases 1 and 2, it is apparent that the right upper lobe bronchus is hyparterial and that there is a lingular bronchus, but no middle lobe bronchus.
It may be asked whether this arrangement may not represent an upward expansion of lower lobe bronchi, and more specifically those of the superior segments, in consequence of agenesis of the upper and middle lobes. The bronchus interpreted as that of the upper lobe, however, not only possesses branches typical for this lobe, but is, moreover, in both cases 1 and 2, situated anterior to the main trunk of the pulmonary artery, quite the opposite of the relations of a superior segmental bronchus (figs. 7, 17, 18) . In case 1, there is an azygos lobe ( fig. 9 ). This is simply a part of the upper lobe separated from the remainder by the penetrating mesoazygos, but not otherwise disturbed. 24 25 In case 3 there is an eparterial upper lobe bronchus, although it lacks anterior branches. These are replaced by upward expansions of rami from the medial branch of the middle lobe bronchus (figs. 25, 27) .
Bronchial Diverticula. In each of the specimens there is a bronchial diverticulum. The largest of these is the bifid blindly ending pouch-like diverticulum of case 1 in the position that the medial basal bronchus might occupy were it present (figs. 5, 7). In case 2, there is a small pit corresponding to the position of the anterior segmental bronchus that is not represented as such, but compensated for by some expansion of the branches of neighboring segmental bronchi ( fig. 17 ). This compensation probably took place early in embryonic development, since all regional pulmonary arteries or veins accompany compensating bronchi. In case 3, the aneurysmal widening of the section of the lateral segmental bronchus of the middle lobe might be considered artifact, were it not clearly demonstrated in the bronchogram (figs. 21, 26, 27) . From this expanded region there branch bronchi of the usual size and distribution.
Although there is no histologic proof, it is probable that these diverticula represent the seat of chronic suppuration that accounted for much of the symptomatology.
Dextrocardia. The dextroposition of the heart results simply from the mediastinal shift occasioned by the small size of the right lung.
Associated Arterial Anomalies. It is remarkable that, in each of the right lungs of the present series, there were several arteries derived from the aorta as well as a right pulmonary artery of diminished size. The aortic branches were demonstrable in angiograms of 1 patient of the present series ( fig. 15 ), but have previously been noted only at operation or necropsy.
Knowledge of the existence of such vessels is valuable not only in suggesting the presence of left-to-right recirculation, and therefore the relative uselessness in respiration of tissue thus supplied, but also in being forewarned in anticipation of an operative procedure. Since these large arteries often lie within the pulmonary ligaments and in the substance of adhesions, there is a danger that they may be carelessly transected. Such an event may even be fatal.
These arteries substitute for pulmonary arteries of particular segments or subsegments, without overlap. These branches from the aorta, although often beginning their approach to the bronchi from an antihilar direction, yield branches that turn to pursue the direction of and to branch with the smaller bronchial rami, one artery being distributed to each bronchus ( fig. 19 ). They gradually become attenuated with the bronchi to their terminations, in the manner of true pulmonary arteries. These they approximate not only in size, but also in being truly end arteries. There is no evidence that the walls of bronchi are vascularized by them before alveoli appear. In all of these features, they differ from the bronchial arteries, which are generally multiple and plexiform in arrangement and relatively small as compared with the bronchi, the walls of which they richly supply.
Discussiox
The very fact that bronchial and vascular anomalies appear to be associated would suggest a common factor in their genesis. No ready explanation, how-ever, presents itself.
The embryologic background for the occasional drainage of the lungs into tributaries of the right atrium is considered to be the presence of a common capillary bed for the ultimate pulmonary veins and branches of the cardinal and umbilicovitelline venous systems, seen most clearly at the early stage when the lungs are represented simply as a diverticulum, soon to become tubular and branching, of the primitive foregut.26 What is not known are the forces that produce the deviation of drainage, in the present instance unilateral and into the ultimate inferior vena cava. It seems unlikely that small bronchial diverticula could exert any influence upon the drainage of an entire lung or that, on the contrary, the huge anomalous vein could produce these small localized anomalies, while the remainder of the respira-HALASZ, HALLORAN, ANI) LIEBOW tory tract remained structurally normal. A vestige of the original interrelationships of the pulmonary and systemic venous systems is the free connection of the bronchial and pulmonary veins in the hilum in the normal lung.
Any aortic blood supply to the lungs is considered, on the basis of embryologic studies, to be derived from the primordial postbranchial plexus of the descending thoracic aorta. 27 In the normal course of development this plexus persists as bronchial arteries. In the anomalous lungs of the present series, perhaps the fault lies in the incomplete development of the pulmonary artery of the left side by terminal accretion from components of the postbranchial pulmonary plexus. If some of the latter should fail to contribute to the growing extension of the sixth arch, but retain their original connections with the aorta, the ultimate structure would be that actually existing in the specimens under study.
Similar large branches of the aorta have been described to supply "sequestrated" pulmonary tissue and indeed the question of sequestration may well arise in view of the diverticular anomalies that have been described. [28] [29] [30] In all 3 instances, however, the anomalous portions of the bronchial tree are not supplied by these aortic branches, but rather apparently normal segments or subsegments. In fact, the present instances supply additional evidence that anomalously developed arteries from the aorta need not result in "sequestration" neither from pressure upon the bronchi nor by any phenomenon of traction, but that they can represent an orderly substitution from the dorsal aorta for vessels normally derived in continuity with the more proximal sixth aortic arch.
Partially,3" or completely,32 corrective surgery has been practised in a few instances of major anomalies of connection of the pulmonary veins. The presence of an associated interatrial septal defect has actually been helpful in some instances in meeting the anatomic problems. Surgical redirection of pulmonary venous blood originally draining into the inferior vena cava from the right lung to the left atrium has been reported only once, in a patient with an associated septal defect.32
In this instance, the ingenious solution to the problem was to transplant the anomalous vessel to a higher position in the right atrium opposite the defect, and to isolate by suture as a pocket separate from the right atrium opposite the defect, the transplantation site and defect. No other ready solution presents itself in the case of this particular anomaly, since the vein is not sufficiently long to be connected directly to the left atrium. Grafts to increase the length of a vessel for anastomosis are to be considered, but experimental work is needed to determine whether such grafts would take and function without thrombosis under the low pressure gradient prevailing, and in close relation to the actively beating heart.
Study of the present material would suggest certain additional precautions and indications in surgery. It is customary to occlude the pulmonary artery of a lung before preparing the vein for anastomosis. When a lung is supplied by aortic branches, special precautions must be taken, since a very high pulmonary intravascular pressure may otherwise develop. What the fate of the lung might be were these arteries to be permanently occluded is not known. Pneumonectomy should be considered as possibly the best procedure, since the presence of these vessels implies the existence of a left-to-right shunt, since in a considerable proportion of instances, there are also bronchial diverticula, and since the lung is hypoplastic as well. Plain film. The band-like shadow of the anomalous vein is visible (arrows). The fissure demarcating the azygos lobe is seen as a well defined white line extending to the right and upwards from the mediastinum. The heart has a prominent right border and is dextroposed. The right hemithorax is smaller than the left. tension in the right heart and pulmonary artery. These observations, taken together with the murmur, were considered to indicate the presence of an interventricular septal defect. The catheter was, unfortunately, not passed into the inferior vena cava. An oblique right apical shadow seen in anteroposterior chest films was interpreted as thickened pleura between upper and lower lobes. At this time the red blood count was 4.7 million, and the hemoglobin was 13 Gm. per cent. Surgery for what was thought to be congenital heart disease and atelectasis was deferred. Frequent upper respiratory infections and 1 bout of pneumonia occurred between 1947 and 1950. The question of hypoplasia of the right lung was raised. It was decided to admit the patient for resection of the lobe containing the bilobate cystic structure seen on the bronchogram, which was considered to be the source of recurrent suppuration.
Accordingly, he was readmitted in January, 1950. Physical and laboratory findings were as before. At thoracotomy on February 2, 1950, filmy adhesions were encountered in the right hemithorax. An azygos lobe and another single large lobe were found. When the pleural membrane confining the azygos lobe was divided and the lower large single lobe retracted, a large anomalous pulmonary artery was encountered coming into the right hemithorax at the usual level, but looping over the right main bronchus, which, therefore, was hyparterial. No pulmonary veins were present in the usual sites except for a small vein that drained the azygos lobe into the left atrium. However, one vein 1.5 cm. in diameter, another 1 cm. in diameter, and 2 much smaller veins were noted leaving the anteromnediaf pleural surface of the large lobe near the diaphragm to empty into the inferior vena cava, 4 to 5 cm. below the right atrium. Also in this region were 4 small vessels that were later shown to be arterial; they also ran to the region of the mediastinum in perpendicular fashion. At this point in the exploration the patient became apneic and convulsive and the procedure was terminated without further surgery.
On February 21, 1950 film, a large outflow tract, presumably pulmonary artery, was visible with its most cephalic portion at the level of the third thoracic vertebra, just to the left of the midline. A normal left pulmonary artery was seen with normal distribution of its vessels. There was a large shadow, considered to represent a greatly dilated right pulmonary artery taking origin from the main pulmonary artery (fig. 3) . Filling of the left side of the heart was not clearly seen until the 31½-sec. films, and the shadow of the aorta was clearly seen H1 sec. later (fig. 4) . The shadow of the aorta appeared normal radiographically. A conspicuous feature of the remainder of the examination was the persistence of filling of the pulmonary vessels. The large anomalous veins seen at the first operation were not discerned as such. The findings were considered to support the roentgen diagnosis of a greatly enlarged right pulmonary artery and interventricular septal defect. The question of arteriovenous fistula was raised and a second exploration was decided upon.
Through the old incision the right lung was again exposed and a thrill noted in the largest of the veins that drained the lung and entered the vena cava. It was thought that either an arteriovenous fistula or simply rapid flow from high to low pressure areas could produce the thrill. The "cystic" zones could not be felt through the lung substance. Because of the anomalous venous drainage of the lung proper, and because of the small size of the azygos lobe, total right pneumonectomy was carried out. It was necessary to tie and cut several small arteries that passed from the aorta directly into the base of the lung.
The cardiac murmur was not altered in the 6 S-ears since doperatiorn.nor has the heart shadow changed more than to shift slightly farther to the right. Presumably there is still an intracardiac shunt from left-to-right not associated with abnormalities of the left pulmonary vasculature. The patient is retarded in weight and height. He readmission to the hospital, that the trachea and mediastinum were deviated to the right. The breath sounds over the right lung were diminished. The heart was thought to be shifted to the right in consequence of the pulmonary difficulty, and to be devoid of intrinsic pathology. The electrocardiogram gave evidence of dextroposition of the heart. The condition was interpreted as hypoplasia of the right lung, possibly with agenesis of the upper lobe. During the preceding 3 months, she had had recurrent episodes of upper respiratory infections with fever. After this admission, the child seemed improved, but remained underweight and continued to have frequent upper respiratory infections.
In January 1954, she was admitted to the New Haven Hospital for further study of the dextroposition of the heart. At this time, vocal fremitus was increased over the right lower chest, but no rales were heard. The heart was found to be shifted markedly to the right by physical examination and fluoroscopy. Upon review of the chest films, a tapering shadow, apparently venous, was seen extending into the right lung field obliquely upward and outward from the region of the inferior vena cava ( fig. 11) fig. 14) . At 4.2 sec., the aortic arch first became radiopaque. A large artery was seen to ascend from the aorta to the base of the lung at 6.3 sec. (fig. 15 ). Even at 13.2 sec. there was still some opacification of the right cardiac chambers, evidence of the long persistence of recirculation. A right thoracotomy was performed on July 19, 1955 , in the hope that a surgical anastomosis of the anomalous venous channel to the left atrium might be possible. This, however, proved not to be the case. Five large arteries were found to proceed from the aorta into the substance of the right lung at various levels. A bronchial artery also was found along the right main bronchus. The pleural cavity on the right side was obliterated by adhesions. A pneumonectomy was performed.
Anatomic Observations. The gross specimen was lightly covered with the remnants of adhesions. There was no external fissure. A bronchovascular cast was prepared. The anomalous vessels were well seen in a roentgenogram of the cast ( fig. 16 ). The specimen, although derived from the right hemithorax, was seen in the cast ( fig. 17) The arterial supply consisted of a main pulmonary arterial trunk and of 6 "accessory pulmonary arteries" derived from the aorta. The pulmonary artery looped over the left main bronchus and supplied all of the lung in a fashion typical for that of the left pulmonary artery, but in mirror image, except for those portions that were supplied by accessory pulmonary arteries. These comprised portions of the lingular and medial, anterior, and lateral basal segments, and all of the posterior basal. All of the accessory pulmonary arteries, except the lingular, swept laterally from the posteroinferior angle of the lower lobe. The largest of these vessels was one that supplied the lateral basal segment. The relations of these vessels to the bronchi were of interest; although the major arterial trunks approached the bronchi from the periphery of the lung, the actual bronchial branches became applied to the bronchi in a fashion characteristic of pulmonary arteries. None of these arteries had the spiral anastomosing characteristics of a bronchial artery, despite their aortic origin ( fig. 19 ). There was no overlap in the territory supplied by the pulmonary and accessory pulmonary arteries.
The anomalous vein had 2 major tributaries, both of which ran obliquely upwards and forwards from a point near the posterior and inferior corner of the lobe. The smaller branch passed laterally into the fork of the left main bronchus where it drained the apical and a part of the posterior segments and the FIG. 18 . The relation of the main trunk of the pulmonary artery to the bronchi in a "right sided left lung" (as seen in cases 1 and 2 of present series) is shown in the lower half of the figure. The normal status is indicated for comparison in the upper half. In the former, the branching of the trachea is symmetrical, the stem bronchus is long, and the upper lobe bronchus is hyparterial. It is evident that the superior segmental bronchus of the lower lobe (B6), in contrast with the upper lobe bronchus, is posterior to the trunk of the pulmonary artery in both the normal and anomalous lungs.
lingula. The larger branch swang upwards and laterally to the bifurcation of the left lower lobe bronchus and drained the remainder of the lung, i.e., the entire lower lobe and those parts of the upper lobe not drained by the other major branch (figs. 16, 17 monary-arteries (XPA, injected in black) from the aorta is shown entering the lutng from the periphery of the inferior margin. As the bronchi are approached, the branches of the artery become recurvedl, proceeding laterally in close relationship with the bronchi, as is typical of pulmonary arteries. They ap1)prCoximate the bronchi in size and tal)er wvith them toward the periphery.
There was no cyanosis or retraction and the cough and wheezing remained essentially unchanged. On admission, physical examination revealed an alert, active baby in no distress. The left anterior chest appeared to protrude, but both sides were resonant to percussion. Brhath sounds were markedly decreased in the right upper lung field. No rales were heard. The heart sounds were strong and there were no murmurs. The blood count annd urinalysis were normal. Fluoroscopic examination showed a mediastinal shift to the right, and the diagnosis of congenital hypoplasia of the right lung was made. Absence of the right pulmonary artery was queried. Upon reviewing the plain roentgenogrami there was seen a separate right paracardiac shadow that represents the anomalous pulmonary vein ( fig. 20) . A tracheobronchogram showed a generally small caliber of the right bronchial tree with a "cavity" in the position usually occupied by the right middle lobe ( fig. 21 ). The impression was that there was hypoplasia of the right middle lobe. Exploratory thoracotomy was considered not to be indicated at the time. The patient was discharged to have an angiocardiogram at a later date. The second admission was on September 25, 1955 , at 3 months of age for further study. In the interval, the child had had cough or stridor only on crying and there had been no cyanosis. An showing hypovascularization of the right lung consequent to congenital hypoplasia of the arteries. The main pulmonary artery and right and left branches were seen, but it was thought that most of the blood was carried through the left lung. The sequence of hemodynamic events was traced in a review of the angiograms (figs. 22, 23) . At 3.2 sec., the right ventricle and left pulmonary artery were opacified, but there was only initial filling of the right pulmonary artery. At 5.4 sec., not only the pulmonary arteries, but also the veins, were visible, including the distal end of an anomalous right pulmonary vein. The aorta became opacified at 6.5 sec., but there was still evidence of recirculation through the right side of the heart, which persisted to 8.7 sec., but faded thereafter.
The third admission was on November 30, 1955. Wheezing had persisted at home. Two weeks prior to admission, she had an upper respiratory infection for which she was treated with penicillin. Feeding and weight gain had continued to be good.
At physical examination the temperature was 98.6 F., pulse 94, and respirations between 22 and 40. The patient was well developed and well nourished, active, and in no distress. The head was normal. There was a moderate preponderance of the left anterior chest. The heart sounds were of good quality and were heard on both sides of the sternum. There were no murmurs. A biphasic wheeze was heard throughout the chest and there were no rales. The breath sounds were heard equally well in both lung fields. There was a large reducible umbilical hernia which protruded 4 cm., and had a circumference of 6 cm. The liver and spleen were not palpable.
It was thought that the congenital anomaly of the lung would jeopardize the patient's future. Since repeated upper respiratory infections were beginning to occur, it was thought that surgery was indicated. The patient underwent a right pneumonectomy on December 2, 1955. At operation the right pulmonary veins drained into the inferior vana cava. The right middle lobe and right lower lobe received arterial blood from the abdominal aorta, entirely or in part. A systemic artery to the upper portion of the lower lobe which arose from the thoracic aorta curved around and compressed the esophagus. The right pulmonary artery was seen to supply at least the small upper lobe and a portion of the middle lobe. There was herniation of a portion of the right lower lobe through the foramen of Bochdalek.
On the sixth postoperative day, roentgenographic examination revealed a normal left lung. There was the expected mediastinal shift to the right. The left lung field was still clear, and she was eating well.
On December 16, the fourteenth postoperative day, the patient was noted to be breathing with some degree of laryngeal obstruction. During examination, she became apneic and cyanotic. She responded to oxygen and artificial respiration and was placed in a croupette. In view of the possibility that this episode might be related to distortion of the left main bronchus secondary to a marked mediastinal shift, a right pneumothorax was performed by the injection of 50 ml. of air into the right pleural space over a period of 20 min. After this, aeration seemed better, but there remained a large laryngeal obstructive component.
Roentgenograms then revealed that the heart was shifted back to its preoperative position. There was a questionable infiltrate in the left upper lobe. A murmur was noted to the left of the sternum during the morning. During pharyngeal suction, she developed marked respiratory distress characterized by an epileptiform seizure with a tonic spasm of her chest and apnea. Artificial respiration was maintained by an endotracheal tube, but it was not possible to achieve good exchange. A tracheotomy was done, but the child's heart beat had ceased.
At necropsy, the most significant lesion was massive mediastinal emphysema. There was also a small subdiaphragmatic abscess. No significant changes were noted in the left lung except for edema. The liver had a large caudate lobe. An adrenal rest was found in the right kidney. The left kidney was somewhat misshapen.
Anatomic Observations. The right lung measured 11 cm. from apex to base and 8 cm. from the rounded posterior border to the sharp anterior margin. On the lateral aspect, 2 fissures were seen to delimit the boundaries of 3 lobes. There was an oblique fissure that lay somewhat more posteriorly than usual and demarcated a rather small lower lobe from the remainder of the parenchyma. The second fissure was shorter than the first, and was not transverse, but rather slanted upwards as well as anteriorly from its origin in the major oblique fissure. As a consequence, the "upper lobe" was much larger than usual, comprising approximately one third of the total mass of pulmonary substance. This appearance suggested that parenchyma ordinarily aerated from the right upper lobe bronchus was supplied by branches of the middle lobe bronchus.
On the hilar aspect, the large size of the middle lobe was especially obvious. The bronchial stump was rather high in the hilum. An almost transverse keel could be seen within the bronchial trunk, which measured only approximately 3 mm. from the level of transection to the level of the first subdivision. This keel divided the trunk into an "upper lobe" branch and the common trunk of the "middle" and "lower" lobes.
The single trunk of the transected pulmonary artery lay anterior to the bronchus.
A single large vein emerged on the medial aspect at the angle of junction of the middle and lower lobes in a position low and rather anterior even in comparison with that of the lower lobe vein in the normal lung.
Five "accessory pulmonary arteries" were present; all were on the medial and posterior aspects of the lung and were said to have taken origin in the subdiaphragmatic portion of the aorta. For convenience in description, they were numbered in a clockwise manner, beginning with number 1, a small artery that entered just below the main bronchus. Number 2 was a large vessel entering along the posterior margin halfway between the bronchial stump and the diaphragmatic margin. 26, 27) .
As suspected from the external appearance, the "upper lobe bronchus" had a (listribution corresponding, somewhat irregularly, to the posterior and apical segments. The first branches of the upper lobe bronchus were not derived until 1 cm. from its origin. Here there was a division into B3a (superior ramus of posterior segment) and the common branch of B3b (inferior ramus of posterior segment) and B1 (apical segmental bronchus).
The common trunk of the "middle" and lower lobes had a length of 3 mm., before (lividing into "middle" and lower lobar trunks.
The "middle lobe" bronchus, after a course of 5 mm., divided into medial and lateral branches. The medial was much larger. It yielded 2 successive branches that aerated the legion of the anterior segment. Three millimeters beyond the origin of the lateral segmental bronchus there was a fusiform aneurysmal outpouching 1 Artery number. 2 suppllied portions of B5, as did number 3. The distribution of the latter was presumptive, since number 3 was not injected. Artery number 4 was injected and supplied distal portions of B7 and B8. Artery number 5 supplied a part of the B5 segment. Arteries number 2 through 5, all derived from the subodipihagmatic plrtion of the aorta, had the characteristic distribution of pulmonary arteries. The course of each was not plexiform, but instead followed the branchings of the bronchial ramus. They-were end arteries, in the same sense as the pulmonary arteries, and their size in relation to the bronchus was similar. There was no evidence that theNy vielded any blood supply to the bronchial 
